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where 

Tbe drag 

The drag coefficient,’ CD, is agproximate~y a ~ c t i o q  o i  -I.& 
number, Re; huwever, la  the t ransl t im Re range the CD is ale0 hi- 8 
function of marfarce roughness and freeetraQm turbulence. XRae fo‘ the deerewe 
in R e  wlth increasing altitude, the balloon ulader study gasses tbrou& the 
cri t ical ,  ar tranrrition, Be range. somswhere in thlr range the Cg madden4 
inorearsee with dccrearring Re; after thls audd&n Iporeaoe, the CD rslsrin4 
fairly consfsnt, with decreasirlg Re until a Re af ab& l0,oOO in redbed, 
which is below the Re of interest in th i s  sfub;y. 

5.  ?lgure.l &Iws eevsrsl experimental C!D versus Re curves. A l l  these 
cuFpd6 were obtained with low f’rees~resla turbulence except tbe vsr34ble 
density tunnel data which waa very DurbtXLent. J% I s  8een that the effect of 
turbulence is to deorsase the Re at which the sudasn chamae in CD OCCDIS. 
Since the ballom under study passee through free air, the freeatream 
turbulence i s  extremely aspall; therefore, the Q tranllition i r  likely t o  take 
place at the higher values of Re shown in f igurar 1. The only curve in this 
group which is inconsistent with the others is the  one obtsinedby drap 
testing in air. 
increalaer gradually with decreasing Re. 
found, so th i s  curvs must remain i n  doubt. 
a new drag curve using equation ( Is )  and test data obtained fran these 

Notice that t h i s  curve has no sudden transition in  Q but 
No ather drap test d a t ~  could be 

It mnrld be ln fomt iva  t o  find 

balloon f l i g h t s o  

60 Since there i s  considerable differences ia the Cp a u ~ d s  02 ?lgure 1, 
arbitrary constant vsluemr of drarg were selected for thie study. For Re 
@rger than w,OOO Cp i e  assumed t o  be 0.09, a oonearvrtive value f k a a  the 
staa@oirrt, of re-se t o  wind. ?or Re lese than ~ , o o O  Cb w68 8Smme4 t o  
be 0.49. Batmen there two Re, Cg l e  urroert8ln* 

7. Zt wmr faurrd in reference 2 by drop t e e s  tht my protub-e 
frcm the d c e  of the h e r e  crused very 
the Cp of the sphere wlth protuberance was 

3 



mmt Ref@t3!Ue Of wSr%Oal t o  W i g d  -8 -5,  z96s 
a d h  8phQrt3r Tbsrefm, f'b W Q U U  be 84V288bh to pUt the ! 

1 valve entirely Inside the balloos and t o  make the Juncture of the balloom 
sad valve as 611pooz;h as poselble. 

gusts, the resultant force in the z direction is cero. 

I 
I 
I 

8. Raw, t o  fipd the vertical velocity of the balloon assuming no a 
1 

R 3 + p w + F D = o  i 
This equation yielde the quarsi-steady &ate (no vertical wiads, no 

trarrsient horizantal wind gusts) vertical velocity. 

Ca Alru p w  

I 
I 

(7) 
& P  

The vertical velocity as Q function of altlt\ldlm is  found iMI 
Qj of  0.09 $he R e  equation (a) and plutted 

lncreer es suddenly (6166 figure 1) sawnhere betmen I, Be of 5 x 10s and 
2 x d. Thus, fraoa figure 2, the Cg incrseee OCC\LTII between ab& 11.8 
rad 19.4 ]sm edktitude, aarkiag the valm of Eg UgWy uncertain in this 
altitude region. Above 11.8 km, the Cp l e  a s d  t o  r-in cosetant at 
0.49. The nsxbma altit- of this baUoon, fmnn figure 2, i s  @bark 17*8 ha. 

forces tm the balloon must be considered. 

For a "r decreases from 17.86 x 1 8 at sea ~ewsl*,>x1 
figure 2. 

et about 11.8 km. fie % 

9. To find the reepanae of tu balloon t o  a &a2y gust, the ItrrarriaOrrt; 

F, = l!& = 1/2 pa Arep CD V(w-i) (W 

U s i n g  these forces, the resulting accelercsflons ewe given. 

These formulas may be used over emsll t b e  irpctewmZs t o  describe 
the motion o f  the bslloon. a i s  l e  conveniently done on I;: & L ~ l ' h % l  daqp\rter 



using same integration technique. 
Wind profile and then ccmpute the response o f  the balloon t o  thie wi-a8. 

The gsoce8xrre used was t o  select 8 gipan 

10. The cbaracteristlcs of t h e  balloon under consideratian are gWen 
below: 

material - a l m i z e d  mylar fabric (non-elqpaneible) 
diameter - 6 ft., 1.829 m 
w&3ht, WB - 330 grsme 
gas - helium 
fS = 8 millibars, 0.l3.6 psi, 81.60 Kg/m 2 

ll. Three different gust profiles were selected c o r r e e i n g  t o  fairly 
large wind gradients. 
p r o w  the equtiopns using the Runge-Kutta inte-tion technique. 
atmospberlc properties Pa, ps8 Ta were a t a d  t o  r-ln camtlmt t h x q h f d  
the gust.  
The i n i t i a l  horizontal veloclty does not affect; the problem I f  w - f 
Therefore, only the cbmge8 in 5, A%, and in w, &, from the starting point 
of the gust ( t  9 0) are used in  the computation. 

Walter Witty of Dymnics Anamis Brraach, M-AERO-D, 
The 

The initial vertical velocity, 2, was'obtsined fran figure 2. 
0. 

Figure Altitude CD Wind Gradient 
maters feet "'-+ 
48 572 
48 572 
10,668 5 

6 10, 668 
7 10,668 
8 10,668 
9 10,668 

10 16,764 

z 

A few general rwsrks can be made about figures 3 through 10. 

'Phe vertical veloaity does not &mge 

The 
balloon horizontal velocity (M) m e  is remarkably similar t o  the wind 
profile in a l l  cases, although the & curve i s  shifted upward eligbtly. 'Eha 
upward shift is nut important. 
significantly over the small altitude changes involved here. The time 
increments use4 in the integration was 0.1 second for figures ,8 and 9 and 
0.5 second for the ather figures. Thus figures 8 Srna 9. are mort accurate 
than the other figures. 

13. ~aupsring figures 3 through io, it is seen that for a given CD and 
altitude the balloon response t o  bc wbd gust Improves 8s the wind p a e r r 0  
is decreased. 
response *roves greatLy as CD increases. 

Also, for a given altitude and wind gradi&, the b l b n  
Tbarn, the respoms 'baaomem batter 
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8U3JLTt Rerponrse of Spherical 86Uoon t o  Wind h8tr 

afier the incresee u cD. A lesser effect IS the gradual decrease in 
response as altitude increases, for  a given CD and wind gradient. 

data and an analytical treatment (ref. 1) which makes two simplifying 
assumptions t o  obtain an equation for  w-x. 

March 5, 1962 

14. A ccmpsrison xi11 now be given between the ccquter sinulhted 

Since the devel-d of the I , 
equation is very brief, it will be repeated here. i 

15. Ccpnbining equations (9) and (9) the followlng eqwtion if5 
obtained. 

(10) 
f ( h & Z W , ) ~ ~  

(wo +wy,l+y) - p  ca f = 
w-x * - 

Now, assuming 
(thie was found t o  be 6% good assumptian in figs. 3 throuepl la) the foUaWlW3 
equstion is obtained. 

is constant Over the relatively ehort distsace a gut& acts 

NW, assume (x-i) ier constant for a SI- wind shear, S. ~t i e  
seen fran figs. 3 through 10 that this a s ~ l c m  i r  valid over moat of the 
wind profile, . 

W-x K (12s) 

Now, S is defined as the change in horizontal w i n d  with height. .. 

d’ Substitution of eqmtion (13) lato (U) and replacing w by & and 
by & yields the following equation, which is the desired equation. 

16.. The vertical velocity, 2, may be found f’ran f-e 2 for q 
altitude t o  substitute into equation (14). Figwre shows equation (14) 
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plotfed far 15,000 feet altitnde UCD of 0.09, and for 35,006 feet 
altitude and CD of 0.09 and 0.49. The symbols lndlcate pome obkaiand 
frap figures 3 through 10 for the portion of the curves where (&A) 
was approximately constant. 
i n  the region *ere the a ~ m i o n ,  w-A IC, $8 valid. 

The quantity (hwLhjc) is of l i t t le  practical hportance, however. 
If the balloon velocity profile were exactly similar and equal ia nurgnitude 
t o  -but shlfted upward in altitude relative t o  c the wind profile, the 
radar would record the exact wind profile, although w-5 at sny given time 
would be non-zero. 

Figure ll shows that equation (14) is valid 

17. 
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Chief, AerodynaPrice Arralyalr B d  
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